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ABSTRACT

The reactions of esters with bases proceed primarily
through a nucleophilic attack at the carbonyl carbon or
abstraction of an alpha hydrogen to produce carbanions
which undergo subsequent condensations.

Lithium nitride,

an extremely strong base but reportedly a weak nucleophile,
has been observed to react with esters in an unexplained
manuer.

The purpose of this investigation was to expand

the relatively limited knowledge of this reaction.
The following solvents were investigated as possible
systems for the reaction of lithium nitride with esters:
decalin, diglyme, pyridine,

tetrahydrofuran, toluene,

and

xylene.

None of these solvents was suitable as a reaction

medium.

Reactions in diglyme,

produced anomalous results,

decalin and pyridine

and no apparent reaction

occurred in the other solvents.

The periodic addition of

small amounts of lithium nitride directly to the refluxing
esters was found to be the most satisfactory procedure.
The reaction appeared to proceed exclusively through
nucleophilic attack by the nitride ion (or a related
chemical species) on the carbonyl carbon of the ester.
The products from the reactions of simple aliphatic esters
with lithium nitride were neutralized with acetic acid and
produced high yields of the corresponding amides and
alcohols.

Benzoate and formate esters reacted in an

analogous manner.

However lithium alkoxide produced by

the cleavage, of the alkyl formates catalyzed the decomposition
vi
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of these esters to carbon monoxide and alcohol.
amides

No tertiary

could be isolated from any of these reactions.

Prom these results it is evident that the nitride
ion is equal if not superior to the hydroxide ion in
nucleophilic reactivity toward esters.

The reaction of

lithium nitride with esters is of theoretical interest but
is of little practical value as a means of ester- cleavage.

vii
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INTRODUCTION

Ester hydrolysis has been utilized by man in the
production of soap since the earliest times.

Few organic

reactions have been subjected to as thorough an inves
tigation as the esterification and hydrolysis of esters.
The reversibility of these reactions involving an acid,
an alcohol,

an ester, and water has long been recognized.

With this realization investigators have been able to
obtain much information concerning one process by
observing the reverse reaction.
The rate of cleavage of esters is greatly enhanced
by both acids and bases.
as being "base-catalyzed.**

Hydrolysis is often reported
This terminology is not

entirely correct since base is required in a stoichiometric
amount and is not regenerated at any subsequent step in
the process.

Saponification and base-induced hydrolysis

are more suitable terms for ester hydrolysis promoted by
base.
Numerous inorganic bases have been used to effect
saponification of esters.

The ionic nitrides which have

previously been considered to be quite unreactive with

1,2
most organic compounds

have not been investigated as

possible reagents for the cleavage of esters.

However,

(1)

F. Briegleb and A. Geuther, Ann., 123, 237

(2)

M. A. Smits, Rec. t r a v . chira., 12 , 202

(1862).

1
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(1893).

Koenig and coworkers

have reported that ionic nitrides,

lithium nitride in particular, appear to be reactive with
a number of organic compounds.
Lithium nitride was selected because of its relative
stability and availability.

Sodium nitride and potassium

nitride decompose explosively when heated
used.

k

Lithium nitride, at least formally,

and cannot be
contains the

nitride ion (N“^).

This tri-negative ion is unique since
5
it is the only monatomic ion of its type known.
Because

of the size

(ionic radiu.s of 1.71 A°)^ and large negative

charge of the nitride ion, lithium nitride should demonstrate
strong basic and nucleophilic properties.
In his thesis Morris

7

reported the reaction of

lithium nitride with several esters.

The present

investigation has been undertaken to study more fully
the nature of the reaction and if possible to elucidate
the mechanism by which it proceeds.

(3)
P. E. Koenig, J. Morris, E. Blanchard, and
P. S. Mason, J. O r g . C h e m ., 2 6 , 14-777 (1961).
(I4.) N. V. Sidgwick, The Chemical Elements and
Their Compounds, Clarendon Press, Oxford, 1950, vol. I,
pp. 8ip-d6 .
(5)
T. Moeller, Inorganic Chemistry, John Wiley
and Sons, Inc.,
New York, N. y T, 1552, p. 57°.

527

(6 )
(1957).

E. Masdupuy, Ann. chim.

(Paris), (13) 2,

(7)
J. M. Morris, Thesis, Louisiana State
University (1959), p. 10.
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HISTORICAL

Nitrides,

and in particular ionic nitrides,

have been

virtually ignored as possible reagents in organic chemistry.
The nitrides are generally divided into three classes:^
ionic, covalent ard interstitial.

Ionic nitrides are

derived from all group II metals except mercury and
thorium and from lithium and copper

(I).

They are usually

prepared by the direct combination of the elements.
Covalent nitrides are subdivided into volatile and
nonvolatile classes.

The volatile covalent nitrides are

derived from non-metallic elements such as hydrogen and
carbon.

The nonvolatile ones are formed from group III

metals and exist as large molecules having structures
similar to diamond or- graphite.

They are hard and quite

unre ac tiv e.
Interstitial nitrides are derived from the transition
metals of groups Ilia, IVa, and Va.

They are often

nonstoichiometric compounds with nitrogen occupying random
locations in the metal lattice.
Only the ionic nitrides show appreciable reactivity.
Of these, magnesium nitride and lithium nitride have been
investigated to the greatest extent.

Initially magnesium

nitride was considered to be totally unreactive.

Briegleb

and Geuther^ reported in 1852 that magnesium nitride did
not react with either absolute alcohol or ethyl iodide
even at 160°.

Sraits,^ in 1893# reported that glycerol and

3
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oxalic acid would'not react under similar conditions.

In

g
the same year Paschowezky

observed that magnesium nitride

showed a slight reactivity toward benzoic anhydride,
benzoyl chloride, phenol and triphenyl phosphate.
9

In 1896, Emmerling
and benzonitrile

prepared acetonitrile

(15$ yield)

(1|.2$ yield) by the reaction of magnesium

nitride and the corresponding acid anhydride.

However

he found that acetyl chloride would not react.
Szarvasy^

Later

observed that although magnesium nitride did

not react with ethanol, it did react with methanol to
give ammonia and magnesium methoxide.
S n a p e ^ reported that benzaldehyde reacted with
magnesium nitride at 220

o

in a sealed tube to yield small

amounts of tetraphenylpyrazine.

Orlandi

12

confirmed this

observation but found that benzaldehyde would not react
with magnesium nitride in refluxing diglyme.

He also

observed no reaction with either benzoyl chloride or
jo-nitrobenzoyl chloride.
In contrast to the other ionic nitrides which require
high temperatures for formation, lithium nitride can be

(8)

S. Pacbowezky,

J. p r a k t . C h e m ., IjJ, 9lf (1893).

(9)

0. Emmerling, C h e m . B e r ., 29, 1635 (1896 ).

(10)

E. Szarvasy, C h e m . B e r ., 3 0 » 305 (1897)-

(11)

H. L. Snape, J. C h e m . Soc., 71, 526 (1897).

(12)

F. Orlandi, personal communication.
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prepared at relatively low temperatures.

Ouvrard

13

first

prepared it by heating lithium metal to dull redness in
a stream of nitrogen.

Lithium nitride has also been

prepared at lower temperatures.

Guntz

1U

reacted lithium

metal below dull red heat in a nitrogen atmosphere.
Lithium nitride has been prepared by allowing finely
divided lithium metal to stand in an atmosphere of dry
nitrogen for several days.

15, 16

Lithium nitride prepared at high temperatures differs
from that prepared at room temperature in physical properties
but the two do not differ substantially in their reactions.
Lithium nitride prepared at high temperatures
porous, puffy,

dark violet,

17

crystalline lumps.

forms
The

16
nitride formed at room temperature

is dark gray but

yields a rust-red amorphous powder when it is ground.
Only one difference in the reactions of the two forms has
been observed:

15

when the crystalline form is heated with

hydrogen at 220°,

it yields trilithium amide, L i _ N H w h e r e a s
3 2
the amorphous form yields trilithium ammonium, Li NH . If
o
5 1;
trilithium ammonium is heated above 3l±0 , it decomposes to
trilithium amide.

(13)

L. Ouvrard,

C o m p t . r e n d ., 111;, 120 (1892).

(11;)

M. Guntz, Co m p t . r e n d ., 1 2 0 , 777 (1895) •

(15)

H. Deslandres,

C o m p t . r e n d ., 121, 886 (1895)*

(16)
F. W. Dafert and R. Micklany, Monatsh. Chem.,
jT7, 981 (1910 ).
(17)
it, 1 (1953).

E. Masdupuy and F. Gallois,

Inorg. Synthesis,
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6

Relatively few reactions of lithium nitride have been
reported.

It has been found to react with alcohols in

general.Beck^

reported the formation of N,N-dilithio-

acetamide and N-lithioacetamide from the reaction of
lithium nitride with acetic anhydride in carbon
tetrachloride.
3

Koenig and coworkers

have reported a variety of

reactions of lithium nitride with organic compounds.
Fluorene in diglyme and phenylacetylene in dioxane react
to give lithium salts.
the corresponding acids:

Carbonation of these salts gave
9-fluorenecarboxylic acid (31$)

and phenylpropiolic acid (72$).
3
Aldehydes
were found to react vigorously with lithium
nitride.

Acetaldehyde and propionaldehyde reacted violently

at low temperatures to give aldol resins,

in a manner

characteristic of base-catalyzed reactions of aldehydes
with

«C-hydrogens.

Tishenko products.

Aromatic aldehydes reacted to yield
Benzaldehyde reacts to form benzyl

benzoate in 87$ yield.

Small amounts of high melting

unidentified nitrogen-containing products were also isolated.
Acid chlorides have been found to react smoothly

20
with lithium nitride.

Aliphatic acid chlorides yield

(18)
F. Fichter, P. Girard,
H e l v . Chim. A c t a ., 1^, 1228 (1930).
(19)
(1937).
Koenig,

and H. Erlenmeyer,

G. Beck, Z. anorg. allgem. Chem., 223, 155
"

(20)
R. F. Baldwin, E. J. Blanchard,
J. OT£. C h e m ., at p r e s s .

and P. E.
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only monoamides or diamides.

Aromatic acid chlorides

react at room temperature or slightly elevated temperatures
to yield tertiary amides in moderate yields.

Mason

21

observed that lithium nitride reduced nitrobenzene to
azobenzene and reacted with acetone to give mesityl
oxide and Isophorone.

He also observed that it catalyzed

the trimerization of benzo nit ri le.

Attempts to trimerize

acetonitrile resulted in condensation and formation of
the

^-ketonitrile.
An investigation of the reactions of lithium nitride

with esters was begun by Morris.

7

He reported that ethyl

phenylacetate and n-butyl acetate reacted in benzene to
yield only ammonia and the, lithium salt of the acid.

No

ester condensation products could be isolated.

(21)
P. S. Mason, Ph.D. Dissertation, Louisiana
State University, 1963 .
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DISCUSSION

A.

Theoretical Considerations
The reaction of a base with simple aliphatic

aromatic

esters may involve one

or more

or

positions.

These

are indicated below by asterisks.
0
t

»

i

R - C - C - O i
H*

t

G*- C - R
i
»
H*

Attack by base at all four positions has been observed.
Nucleophilic attack on the alpha carbon and beta elimination
In the alcohol component of the ester occur only in
relatively rare cases.

Methyl benzoate undergoes nucleo

philic displacement with sodium methoxide to yield
methyl ether and sodium benzoate in good yield.
phenoxide reacts with dimethyl,

22

Sodium

diethyl and dibutyl

phthalates at 200° to yield alkyl phenyl ethers.

23

Beta

elimination has been observed by Hauser and coworkers
in the reaction of

211-

0 -phenylethyl esters with potassium

amide in liquid ammonia to yield styrene.
The reaction of esters with bases generally involves
a nucleophilic attack on the carbonyl carbon or the

(22)
(a) P. Adickes, C h e m . B e r . , £8, 199I4. (1925);
(b) J. F. Bunnett, M. M. Robinson and F. C. Pennington,
J. Am. C h e m . Soc., 72, 2378 (1950).

1168

(23)
(1939).

H. King and E. W. Wright, J. Chem. Soc.,

(2l|)
C. R. Hauser, J. C. Shivers,
Skell, J. Am. C h e m . Soc., 67, lp09 (1945).

and P. S.

8
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abstraction of an alpha hydrogen in the acid component.
In a number of cases both processes occur simultaneously.
The two reactions compete and the rates are dependent on
the relative basic and nucleophilic characteristics of
the species involved in the reaction.
Basicity and nucleophilic reactivity are not identical
although rough parallels do exist.

It has been suggested

25

that the term "nucleophilicity" be used in connection with
rate of reactions and '’basicity" be used with chemical
equilibrium.

For example,

26

the rates of the following

reactions in 61$ dioxane at 50° may be compared.

(1)

i“ + c2h^oso2c6h^ch3-£

(2) OH' + C_Hcr0 S 0r)C,H) CH -p
25
2 6 1; 3

The rate constant of reaction
reaction

(2).

—

>

--- >

c2h^i + £-ch3c6h^so3“
C_.H_.0H + p-CH,C,H.SO ’
25
^
3 6 1; 3

(1) is greater than that of

Therefore under these conditions tie iodide

ion is a better nucleophile toward ethyl jo-toluenesulfonate
than the hydroxide.

The hydroxide ion is said to be more

basic than the iodide ion in this system since the equilibrium
is shifted further to the right in reaction

(2).

The relationships between basicity and nucleophilicity
are usually close, particularly for the same element.
the series,

amide (NH2 ), imide (NH ), and nitride

(25)
Soc., 75, H A

C. G. Swain and C. B. Scott,
(1953).

In

(N ),

J. Am. Chem.

(26)
J. Hine, Physical Organic Chemistry, 2nd
ed., McGraw-Hill Book Company, IncT, ilew York, N.Y.,
1962, p. 77.
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basicity and nucleophilicity would be expected to increase
in the order given.

Since the imide ion appears to be a

stronger base than the hydroxide ion, the nitride ion should
be

one of the strongest bases available and should exhibit

nucleophilic properties.

A number of factors can affect the

apparent basic and nucleophilic properties of a particular
species.

Among these are the nature of the reactants,

solvent characteristics,

and temperature.

The relative

acidity and the electrophilic properties of the substrate
are important as well as steric considerations.

Therefore

valid comparisons of basicity and nucleophilicity cannot
be made unless reactions occur in the same or similar
systems.
An equally important factor in the reactions of
lithium nitride is solubility.

Ionic nitrides are

extremely insoluble in all solvents with which they do
not react.

This insolubility could account for the lack

of reactivity observed by early investigators.
nitride ion is very reactive;

8

The

molten lithium nitride

attacks many materials including iron, platinum and
porcelain
Ether,

carbon tetrachloride, benzene,

and dioxane

have been used as solvents for lithium nitride reactions
in our laboratories.

The reactions were often sluggish

and incomplete and required long reflux periods.
aldehydes reacted readily in these solvents.

Only

Prom these

data it appears that in the crystal lattice the nitride

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ion is not available for reaction.

The lattice energy of

lithium nitride would be expected to be high because of
the charge on nitrogen.

This prediction is demonstrated

not only in the insolubility but also in the hardness and
o 17
the high melting point (81;0-8l4.5 )
of lithium nitride.
Some means of disrupting this crystal lattice is needed to
facilitate reaction of .the nitride ion.

It is also possible

that higher reaction temperatures may be required because
lithium nitride is not completely ionized at lower
temperatures.
The use of high-speed stirrers and finely-divided
nitride increases the rate of reaction slightly.

The

reactivity of lithium nitride is greatly enhanced in
"3
many systems

by the use of high boiling ethereal solvents

such as diglyme

(dimethyl ether of diethylene glycol).

The effect of diglyme is not fully understood.

Although

it is an excellent solvent for ionic substances, it is
not apparent that much if any of the nitride dissolves.
The strongly basic nitride ion in solution would probably
abstract hydrogens alpha to the ethereal linkages.
Hydrogen abstractions from ethers have not been observed
as such;

however, at the reflux temperature of diglyme

and in the presence of other reactants this process may
account for the anomalous results observed in many cases.
The reactions of lithium nitride in diglyme are usually
accompanied by the formation of larger amounts of resinous
material than in other solvents.

In this polar medium

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the rate of side reactions is probably enhanced, too.
If diglyme does not function to dissolve the nitride,
then it must function in some other way.

Its principal

function may be to provide a polar medium in which a
temperature sufficient to provide the energy of activation
necessary for the reaction to proceed can be obtained.
Also,

diglyme may dissolve the reaction products which

coat the surface of the reacting nitride and expose a
fresh surface.

This coating effect has been observed in

the reaction of lithium nitride with nitric oxide.

19

This

reaction proceeds vigorously at first, but subsides quickly
as the lithium nitride becomes coated.
B.

Reactions of Esters in Various Solvents
A number of different esters and solvents were used in

an effort to find a combination which would yield satisfac
tory results.

All ester-solvent systems were run several

times with variation of the reaction conditions and
"procedures.

See Table I on the following page for a

summary of the results obtained.
Benzoate esters containing high molecular weight
alcohol components were investigated first.

From Morris's

7

report

that lithium nitride reacts with esters to yield

ammonia and the lithium salt of the acid, it seemed
possible that such reactions might produce lithium alkyls
or alkenes by beta elimination.

However the isolation

and identification of the reaction products was difficult
because of the high boiling points of these esters.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE I

Table of Reactions

Ester

Solvent

Results

tetrahydrofuran

no reaction

diglyme

benzoic acid,
phenolic material

toluene

no reaction

diglyme

benzamide,
benzoic acid

decalin

benzamide,

diglyme

no identifiable
products

none

cyclohexanol, benzoic
acid, benzamide

pyridine

no identifiable
products

diglyme

no identifiable
products

none

acetamide, ethanol,
ethyl acetoacetate

pyridine

formamide, 1-propanol

none

formamide, carbon
monoxide, 1-propanol

Methyl benzoate

xylene-diglyme

no reaction

Isopropyl
propionate

none

propionamide, isopropyl
ot-propionylpropionate,
2-propanol

Phenyl benzoate*

rt-Propyl benzoate*

Cyclohexyl
benzoate*

Ethyl acetate

cyclohexanol

n-Propyl formate

* In these reactions water was added as a part of the
isolation procedures.
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Phenyl benzoate reacted violently in refluxing diglyme
but failed to react appreciably in tetrahydrofuran.

The

reaction in diglyme yielded a large amount of dark viscous
material from which no identifiable products could be
isolated.

The behavior of the material with bromine and

its phenolic odor indicated the presence of phenol or a
phenolic compound.

Cyclohexyl benzoate reacted in decalin

to yield cyclohexanol, benzoic acid and a small amount of
benzamide.

In diglyme, cyclohexyl benzoate reacted

vigorously but no identifiable products could be obtained
after addition of methyl iodide.

No identifiable products

were obtained from the reaction of cetyl benzoate in diglyme.
Other esters were investigated in different solvents.
Propyl benzoate reacted readily in diglyme;

a high yield

of benzoic acid and a small amount of benzamide were
obtained.

The ester did not react in refluxing toluene.

Methyl benzoate failed to react in a xylene-diglyme
mixture even after an 18-hr.

reflux period.

Ethyl acetate

reacted in both diglyme and pyridine to yield intractable
tars.

An 87$ yield of 1-propanol was obtained from the

reaction of jn-propyl formate in pyridine and a large
amount of material was lost as a gas.

A small amount of

formamide was also isolated.
Two procedures were utilized in the previous reactions.
In the first procedure the nitride, ester and solvent
were placed in the flask and the mixture was gradually
warmed until reaction began or the reaction mixture began
to reflux.

When reaction did occur, it was always

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.
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extremely vigorous and occasionally got out of control.
One reaction with phenyl benzoate in diglyme exploded
and caught fire.

Usually the reactions could be controlled

by immersing the flask in an ice-water bath as soon as
reaction began, but even under these conditions the rate
was extremely fast.

The reaction appeared to depend on

a "critical temperature" which varied with the ester and
solvent used.

Below this temperature the reaction mixture

could be heated for several hours without any change, but
once this temperature was reached reaction occurred
rapidly.

Large amounts of solids were formed and the red

color of lithium nitride disappeared in 30 to 60 seconds.
The reaction mixture solidified or became so thick that
it could not be stirred if enough solvent was not present.
The second procedure involved the dropwise addition
of an ester-solvent mixture to a heated mixture of solvent
and lithium nitride.

Better control could be maintained

in this procedure but the course of reaction was not altered.
The concept of a "critical temperature" remained valid.
The reactivity of esters in various solvents seemed
to depend on the boiling point of the ester and the
boiling point of the solvent with the exceptions of
diglyme and decalin.

If the ester boiled lower than the

solvent, reaction always occurred at the boiling point of
the ester.

Little or no reaction was observed if the

solvent boiled significantly

lower than the ester.

In

diglyme and decalin, the reactions began at about 150°.
Diglyme was utilized in a large number of reactions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Although lithium nitride reacts readily with organic
3

compounds in diglyme,

the solvent was of little value

in these ester reactions.

Reactions were very rapid,

but a large amount of tar formation accompanied the
reaction.

In most cases no identifiable products could

be isolated.

The behavior of simple esters, particularly

the benzoate esters, with lithium nitride in diglyme is
difficult to understand.

However, unexpected results

have been obtained in reactions with other bases.
and McElvain

27

Magani

report that alkyl benzoates undergo a

series of complex reactions in the presence of sodium
alkoxides.

A reverse Tischenko reaction produces aldehydes

(and ketones if the alcohol group is secondary) and this
is followed by a forward Tischenko reaction which involves
the products of the first reaction.

Other condensation

reactions of aldehydes have also been observed.

The

Guerbert reaction which involves the condensation of two
molecules of an alcohol catalyzed by the corresponding
alkali alcoholate

28

has also been observed.

Other solvents examined during this investigation
were also unsuitable.

Reactions occurred only when the

ester boiled lower than the solvent.

Separation and

identification of reaction products was difficult when

(27)
A. Magani and S. M. McElvain,
Soc., 60, 813 (1938).
(28)
M. Guerbert,
131;. 14-67 (1903).

J. Am. C h em .

C o m p t . r e n d ., 1 3 3 , 1220 (1902);
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high boiling solvents were used., and. all reactions in
solvents were accompanied by some tar formation.
In the early experiments, water was added to the
reaction products and the aqueous layer was extracted
with various solvents.

This procedure was unsatisfactory

since hydrolysis of the initial reaction products
as water-sensitive lithium salts) could occur.

(such

Other

compounds were added to neutralize the basic lithium salts.
Ammonium chloride reacted readily with the reaction
products, but the method was unsatisfactory since the
ammonia formed could cause ambiguous results by ammonolysis
of unreacted ester.

The addition of alkyl halides

(methyl

iodide and ethyl iodide) increased the yield of tar.
Glacial acetic acid was the most satisfactory agent for
neutralization and was used in all subsequent experiments.
Although these experiments utilizing various solvents
were not completely successful,

the information obtained

was of considerable value in formulating a more suitable
approach to the solution of the problem.

The presence of

excess lithium nitride and the nature of the solvent
appeared to exert a definite effect on the course of the
reaction.

To avoid these effects in subsequent experiments,

reactions were run In a large excess of ester with no
additional solvent.
C.

Reactions Utilizing Excess Ester as Solvent
In a series of small-scale reactions the ester and

nitride were placed in a flask and heated until reaction
occurred.

The following esters were used:

ethyl acetate,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

isopropyl propionate* methyl benzoate and cyclohexyl
benzoate.

In all cases reaction was extremely violent.

Ethyl acetate and isopropyl propionate reacted at their
respective boiling points.
190

o

•

Methyl benzoate reacted at

and cyclohexyl benzoate began

.o
to react at 150 .

a larger run with cyclohexyl benzoate a

l±6% yield

In

of

cyclohexanol and small amounts of benzamide and benzoic
acid were obtained.

These results are similar to those

obtained for cyclohexyl benzoate in decalin.
Control of the reaction was accomplished by the
periodic addition of small amounts of lithium nitride to
the refluxing ester.

A funnel for the addition of solids

was built from a 125 nil. Erlenmeyer flask and was similar
to one proposed by Vogel.

29

(See Illustration I.)

It

was necessary to insert a short, large bore condenser
between the addition funnel and the reaction flask.

This

prevented the refluxing liquid from entering the addition
funnel and causing the nitride to cake at the mouth of the
funnel.

The bore of the condenser was large enough to allow

the lithium nitride to fall directly into the reaction
mixture so that reaction would not occur on the walls of the
condenser.

The problem of lithium nitride clinging to the

addition funnel was never completely solved.

Some nitride

was always left even after the funnel was rinsed with
excess ester.

However the apparatus was used successfully

(29)
A. I. Vogel, A Textbook of Practical Organic
Chemistry Including Qualitative Organic A n a l y s i s , 3rd e d . ,
Longman s, Green, and Co., London, 1 9 5 6 , P« 79*
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in numerous runs and it gave excellent results.

The rate

of addition was easily controlled and the nitride was
protected from atmospheric moisture

and the refluxing

liquid.
Ethyl formate and n-propyl formate decomposed rapidly
at their boiling points in the presence of catalytic
amounts of lithium nitride to yield ethanol and 1 -propanol,
respectively,

and carbon monoxide.

Similar reactions of

formate esters with strong bases have been reported.
30

1868 Geuther

In

reported that ethyl formate was quantitatively

converted to carbon monoxide and ethyl alcohol by catalytic
quantities of sodium ethoxide.

It has also been reported

that sodium amide catalyzed the decomposition of phenyl
formate.

31

When more lithium nitride was used, the rate

of decomposition of the formate esters

increased and

formamide was isolated.
Refluxing ethyl acetate reacted rapidly and high
yields of acetamide and ethanol were obtained.
amount of ethyl acetoacetate was also isolated.

A small
Isopropyl

propionate reacted with lithium nitride to yield
propi ona mid e, isopropyl alcohol,
ester condensation product,

and a small amount of the

isopropyl

©^.-propionylpropionate.

The trends in reaction temperatures discussed
previously were also noted in this series of reactions.

(30)

1538

(31)
(19214.).

A. Geuther, C h e m . Z e n t r ♦, 630 (1868).
Ramart and M. A. Haller, Compt. r e n d ., 178,
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The refluxing esters reacted readily with added nitride.
However no apparent reaction occurred when esters were
heated with lithium nitride at temperatures close to their
boiling points for several hours.
There is no satisfactory explanation of these
phenomena.

The existence of nitride

ions in low dielectric

32
constant systems such as esters^
is even more improbable
than their existence in diglyme.

In both cases hetero

geneous topochemical reactions are probably involved.
Perhaps

two different processes are involved for low-boiling

and high-boiling esters.
At the reflux temperature of the ester it is possible
that the surface of the nitride crystal, which previously
had been coated with a layer of ester molecules,
deshielded.

is

Molecules of ester possessing sufficient

kinetic energy for reaction then collide with the crystal
surface and reaction occurs.
exothermic,

The reaction is extremely

and the heat produced tends to accelerate the

rate of reaction.
In the reactions of higher boiling esters, particularly
with diglyme as the solvent,

the higher reaction temperature

plays an important role in the reaction mechanism.

At this

temperature it is possible that the partially ionized
nitride becomes completely ionized.

it

A possible indication

(32)
The dielectric constants of simple aliphatic
esters are about 6 . Handbook of Chemistry and Phy si cs ,
i^Oth ed., C. D. Hodgman, ed., Chemical Rubber Publishing
Co., Cleveland, Ohio, 1959, pp. 2511-2520.
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of this change is the series of vivid color changes
observed in these high temperature reactions.

It is

also possible that at this higher temperature sufficient
energy is available to supply the necessary energy of
activation for the reaction to proceed at the surface of
the nitride.

All five of the high-boiling esters which

were investigated were derivatives of benzoic acid.

The

energy of activation required for these esters should be
approximately the same.

A substantial amount of study

will be required before any definite conclusions can be
drawn concerning these phenomena.
D.

Reaction Mechanism
The reaction of lithium nitride with carboxylic esters

may proceed by a number of mechanisms.

The carbonyl

addition mechanism and the alpha hydrogen abstraction
mechanism seem to be the most plausible of these.

The

former involves attack at the surface of the crystal
lattice of the nitride on the electron-deficient carbonyl
carbon.

This mechanism may be represented as follows:

0

0

»

T

R-CH_-C-0R'

+

2

0
"
R-CH - C-NH

2

“N*
*

. ■■■; *
*

~

Li+

R-CH -C-OR'
2 ,

0
+

2

R sOH

«i*OA£_

"
R-CH 0-C-N*

2

*

+
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In the second mechanism the first step is abstraction
of a hydrogen atom alpha to the carbonyl carbon to yield
a carbanion and the imiae ion,

The imide ion then attacks

a second ester molecule at the carbonyl carbon.
0
ii

0
it

R-CH-C-OR *

R-CH -C-OR'
2

HN

I
0
i
R -C K=C -OR !

R-CH -C-OR 1
R -CH o- C- 0R'
HOAc

0

0

ii

It

0
i
R-CH - C - O R 1
2 t
N-H

R-CH -C- CH-C-OR 1
2
i
R

0
u

+

R-CH -C-NH
2
mi

+

-

Li

OR'

HOAc

0
It
R-CH -C-NH

2

2

+

HOR'

Reaction presumably occurs at the surface of the nitride
crystal as in the carbonyl addition mechanism.
In both mechanisms the addition of acetic acid results
in the formation of the same products.

Water partially
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neutralizes the salts to produce amides but hydrolysis
of the water-sensitive lithioamides occurs to yield acids.
Attempts were made to distinguish between these two
mechanisms by the addition of alkyl iodides to the product
mixtures.

The alkyl iodides should react,

at least to

some extent, with N,N-dilithioamide or N-lithioamide in
the reaction mixture to yield N,N-dialkyl or N-alkyl amide
respectively.

Apparently reaction did occur since the

alkyl iodides were not recovered and small amounts of
lithium iodide were obtained.

The addition of alkyl

iodides increased the amount of tar formation to such an
extent that no additional identifiable products could be
isolated.

No N,N-dialkyl or N-alkyl amides were found.

Most of these investigations were carried out in diglyme;
this fact may account for the results observed.
Similar observations were made in preliminary
investigations of the reaction of lithium nitride with
amides.

33

Formamide reacted violently with lithium

nitride in the absence of any solvent at room temperature.
No carbon monoxide evolved;

no identifiable products

could be isolated.
Acetamide was unreactive in refluxing tetrahydrofuran
and dioxane but reacted vigorously in refluxing diglyme.
Small amounts of acetamide were recovered following the

(3 3 )
The author wishes to express his appreciation
to Miss Elizabeth Wilson who participated in this part of
the investigation as an Undergraduate Research Participant
in the summer of 19614.. Her present address is Alabama
College, Montevallo, Alabama.
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addition of acetic acid to the reaction mixture.

Addition

of ethyl iodide in another run yielded an intractable tar.
The reactions of aldehydes and esters with lithium
nitride and with aqueous base are strikingly similar.

In

aqueous alkali aliphatic aldehydes react at low temperature
to yield aldol condensation products and aldol resins.
Simple esters are saponified slowly by aqueous alkali at
low temperatures but rapidly at higher temperatures.
Morris

3k

reported the reactions of a series of aldehydes

with lithium nitride.

Acetaldehyde and propionaldehyde

react violently at low temperatures

(15 - 20°) in the absence

of solvents to yield aldol resins and small amounts of
the aldol condensation products.

At higher temperatures

(80°) reaction occurred at the carbonyl carbon of benzaldehyde.

Ethyl acetate and isopropyl propionate were

unaffected by lithium nitride at low temperatures but
reacted readily at their boiling points.
The rate of hydrolysis of esters is dependent on the
rate of attack of the base on the carbonyl group multiplied
by the fraction of these attacks which lead to hydrolysis.
This fraction is usually large enough that the rate of
reaction depends on the rate of initial attack by hydroxide
Substituents in the molecule which would increase the
electrophilic character of the carbonyl carbon would be
expected to facilitate attack by base.

In reactions

(3ljJ

Morris, ojo. c i t ., pp. 15-17.

(35)

Eine,

0£. c i t ., p. 285.
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involving alpha hydrogen abstraction the rate of reaction
depends not only on the rate of abstraction of the proton
but also on the rate of addition of the carbanion formed to
a second molecule of ester.
In general* proton abstractions from carbon are too
slow to be measured;

however*

a few highly acidic carbon-

bound protons are removed rapidly.

36

The relatively poor

electrophilic character of the ester carbonyl group probably
does not favor rapid attack by the carbanion which is
formed.

This is evident in the Claisen reaction involving

the condensation of aldehydes with esters catalyzed by
alkoxides.

The carbanion formed by abstraction of a proton

from an ester molecule preferentially attacks the more
electrophilic carbonyl group.

37

Alkaline hydrolysis of esters proceeds at a measurable
rate.

Base-catalyzed oxygen-18 exchange experiments of

acetone indicate that oxygen is exchanged at a rate too
u 38
rapid to be easily measured even at 25 .
alcoholysis

39

(3 6 )

Base-catalyzed

of esters also indicates that nucleophilic

Ibid.* p. 112.

(37)
A comparison of the <r values , a measure of
the electron-donating or electron-withdrawing power of the
substituent* indicates that the aldehyde group is the
stronger electron-withdrawing group.
<T~CH0 = +1»126;
<T~CO 2C 2H 5 = +0.678.
(H. H. Jaffe*. Chem. Rev.,
191
(1953).)
This effect would be expected from a consideration
of the resonance forms of aldehyde and ester groups.
(3 8 )
M. Cohn and H. C. Urey,
60, 679 (1938).

J. Am. Chem. Soc.,

(39)
M. Pfannl* Monatsh. Chem., ^1, 301 (1910);
^2* 1501; (1911)o
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attack at the carbonyl carbon is more rapid than hydrogen
abstraction.
alkoxides.

Alcoholysis is catalyzed by small amounts of
If hydrogen abstraction occurs rapidly,

the

alkoxide would soon be consumed in the conversion of the

f t -keto

ester formed to its conjugate base.

However,

alcoholysis proceeds rapidly and equilibrium is obtained.
This indicates that carbonyl addition occurs more rapidly
than hydrogen abstraction.
The hydroxide ion is a poorer nucleophile than its
basicity indicates.

iiO

Mason

ill

has also reported that the

nitride ion is a relatively poor nucleophile.

However,

the apparent nucleophilicity is extremely dependent on
the system and particularly the ele ctrophile.

Evidence

indicates that in reactions with esters the hydroxide ion
and the nitride ion react as excellent nucleophiles and
and attack the carbonyl carbon preferentially.
Cne explanation of the apparent increased nucleophilic reactivity of nitride toward esters may be similar
to that proposed by Swain and S c o t t ^

to explain the

higher reactivity of O H ” toward the carbonyl carbon of
esters than is predicted from theoretical considerations.
The transition state for the attack of nitride ion on a
carbonyl carbon is stabilized by a greater distribution of
the negative charge on the substrate portion of the
mo l e c u l e .

(1+0)

Hine, 0£, c i t ., p. 161.

(Ipl)

Mason, ojd. cit „, p.
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R
6"

OR
0
sThe effect is more significant for nitride and hydroxide
ions than for other anions.

Other polyatomic nucleophiles

and halide ions are less affected in the transition state
because they are much more p ol a r i z a b l e .
If the trends of basicity and nucleophilicity are
valid, then the nitride ion should be a stronger nucleo
phile than the imide ion and would attack the carbonyl
carbon more readily.

The imide ion should abstract

hydrogen from an ester molecule less readily than the
nitride ion.
formed,

However, if the imide ion is actually

some further hydrogen abstraction should occur

to produce the amide ion.

This prediction is based on

the poorer nucleophilicity of the imide ion and the
behavior of the amide ion.

Amide ions are unreactive as

nucleophilic agents toward esters.

This lack of reactivity

of amide ions and perhaps imide ions is not due to failure
of these ions to attack the carbonyl carbon but is due
to the slower explusion of alkoxide.

1±2

Esters which

undergo the Claisen condensation react with sodium amide
in inert solvents to yield ammonia and the ester condensa
tion products.

The products are obtained in poorer

yields with alkoxide catalysts.

523

Substantial amounts of

(ij.2) R, Levine and W. C. Fernelius, Chem. Rev.,
(19514-) -
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ammonia and acetoacetic ester type condensation products
should be obtained if the hydrogen abstraction mechanism
is involved*

Very little ammonia is evolved In the

reactions of esters with lithium nitride*
Approximately 30% theoretical yields
lithium nitride)

(based on

of condensation products are obtained

in the reactions of lithium nitride with esters.

Larger

yields would be expected if the hydrogen abstraction
mechanism is involved because of the utilization of the
second and possibly the third negative charges to abstract
hydrogen*

Also, the lithium alkoxide produced by attack

of the imide ion on the ester wo uld be expected to
produce condensation products.

Smaller yields of amide

would occur due to loss of ammonia.

This was not found;

nearly theoretical yields of crude amide were obtained.
The isolation of ester condensation products

can be

rationalized on the basis of the carbonyl addition
mechanism.

The alkoxide produced by the cleavage of the

ester by nitride catalyzes the condensation reaction.

The

acetoacetic ester condensation has been thoroughly
investigated and its mechanism e l u c i d a t e d . ^

The yields

of condensation products are in agreement with those
reported for condensation effected by ethoxide.
The hydrogen abstraction mechanism offers no suitable
explanation for the reactions of the benzoate and formate

(lp3) Co R. Hauser and B. E. Hudson, Jr., Organic
Reactions, Vol. I, John Wiley and Sons, Inc., London,
19/4-2, p. 267.
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esters,

Benzoate esters react readily at 150° to yield

alcohol, benzamide and benzoic acid.

Benzoic acid probably

arises from hydrolysis of the N,N-dilithiobenzamide by
the water added in the isolation procedure.
At first the reactions of formate esters appear
anomalous.

Sodium ethoxide has been reported to catalyze

the decomposition of ethyl formate into carbon monoxide
and ethanol.

•30

Lithium n-propoxide was found to catalyze

the quantitative decomposition of n_-propyl formate.

The

reaction appears to be specific for alkoxide ions with
formate esters.

Sodium amide has been reported to catalyze

oi
Mi
the decomposition of phenyl formate,-* but Titherley
has reported that sodium amide reacted with ethyl, butyl
and amyl formates to produce ammonia,
and sodium alcoholates.

sodium formate

This reaction has been studied

by a number of i n v e st ig at or s. ^
The mechanism of the reaction is not clearly under
stood, but it is believed to involve some type of addition
to the carbonyl followed by decomposition into carbon
monoxide, alcohol and catalyst.

The reaction is catalyzed

by trace amounts of lithium nitride.

With increased

amounts of nitride, formamide can be isolated.

In.a

typical run nitride was carefully added to the refluxing
ester.

After reaction was complete,

(Ml)

A. W. Titherley,

the flask was placed

J. Ch em. Soc., 8l, 1520

(1902).

ik5) F. Adlckes and G. Schafer, C h e m . B e r ., 6 5 B ,
950 (1932); and preceding papers.
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under vacuum and all volatile materials were removed.
salt was dispersed in an inert solvent,
was added.

By this method formamide

The

and acetic acid

(60$ of the theoretical

yield) and more alcohol were isolated.
depended on the amount of nitride added.

The actual amounts
This reaction

offers definite support for the carbonyl addition mechanism.
In accordance with this mechanism one might expect
the formation of secondary and tertiary amides through
the attack of the lithioamide on a second molecule of ester.
Only trace amounts of diamides were isolated after long
reflux periods in polar solvents.

Apparently the substitution

of an electron-attracting acyl group decreases the basicity
of the nitrogen to such an extent that a second attack
I4.6
does not occur.
Substitution of one hydrogen of ammonia
with an acyl group yields a base weaker than water.

This

effect is so pronounced that imiaes are weak acids.
The carbonyl addition mechanism proposed is analogous
jn

to that proposed by Hine for alkaline hydrolysis

and
} P,

demonstrated by Bender with oxygen-l 8 experiments.
A number of bases react with esters through similar
mechanisms,

Alcoholysis or transesterification was first

observed by Claisen,

Ji9

The reaction has been found to be

(i;6 ) C. R. Noller, Textbook of Organic C he mis tr y,
2nd ed., W. R. Saunders Co., Philadelphia, 1958, p. 191.
(14.7 )

Hine,

(24.8 )

M. L. Bender,

(14.9)

L. Claisen, Chem. B e r ., 20, 6ip6 (1887 ).

o£„ c i t ., p. 276.
J. Am. C h e m . S o c ., 73, 1626

(1951) .
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subject to both a c i d i c ^ and b a s i c ^

catalysis.

The

following mechanism for the base-catalyzed reaction has
been proposed.
0

0
R-C-0R»

*■

.+
M

M+ “OR"

0
R-C-OR"

This mechanism is supported by kinetic
data.

51

+

M+ ~ 0 R ‘

and infrared

52

It is identical to that proposed for the nitride

reactions.
A large number of reactions of esters with ammonia
and its derivatives are known.

Simple aliphatic and

aromatic esters are relatively unreactive toward liquid
ammonia .

J

Halogenated esters and ethyl oxalate give

almost quantitative yields of amides with liquid ammonia.
Heating simple esters in sealed tubes with ammonia
induces some reaction.
effect on the reactions,

Ammonium salts have a marked
and the reactivities of the

(50)

M. F. Carroll,

J. C h e m . S o c ., 557

(19i|9).

(5D

F. Swarts, B u l l . S o c . C h e m . Belg., 35, I4.II4.

(52)

M. L. Bender,

(1926).
J. Am. C h e m . Soc., 75* 5986

(1953).
(53)
W. C. Fernelius and G. B. Bowman,
Rev., 26, 3 (1914-0).

Chem.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

32

esters toward ammonolysis parallel those reported for
alkaline hydrolysis in aqueous solutions.

Ammonolysis

has also been observed to be catalyzed by b a s e . ^

As

already indicated sodium amide reacts with esters in
kl. ,55
liquid ammonia and in inert solvents.

Esters which

do not undergo the Claisen condensation give moderate
yields of N-sodioamides or N-sodioaiamides and sodium
alkoxide.

Ammonia is evolved in all cases.

Amines react with esters to yield N-substituted
amides.

The reaction may be uncatalyzed or it may be

subject to acid catalysis

or base catalysis.

The mechanisms for base-catalyzed aminolysis a n d ’
ammonolysis,

for the uncatalyzed aminolysis and ammonolysis,

and for the reactions of the amide ion are all quite

58,59
similar.

They are analogous to that reported for

alkaline h y d r o l y s i s , ^ and this is the same as is proposed
for the reactions of lithium nitride.
reactions of bases with esters

This group of

(all of which involve

(514-) R. L. Betts and L. P. Hammett, J. Am. Chem.
Soc., £9, 1568 (1937).
(95)
F. W. Bergstrom and W. C. Fernelius, Chem.
Rev., 12, 1^3 (1933);
20, k-lk (1937).
(56)
P. K. Glasoe, J. Kleinberg and L. F.
Audrieth, J. Am. C h e m . Soc., 61, 2387 (1938).

Soc.,

(57)
J« F» Bunnett and G. T. Davis,
82, 665 (I960).
(58)

J. Am.

Chem.

J. H. Grovin, J. C h e m . Soc., 732 (1914-5).

(59)
R. Baltzly, I. M. Berger,
J. Am. C h e m . Soc., J2.
!, I4-II4.9 (1950).

and A. A . Rothstein,
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nucleophilic attack on the carbonyl carbon), the formate
ester reactions,

and the similarities between the reactions

of aqueous alkali and lithium nitride with aldehydes and
esters indicate that the reactions of lithium nitride
proceed almost exclusively by means of the carbonyl
addition mechanism.

Hydrogen abstraction plays little if

any role in this reaction.
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EXPERIMENTAL

Gas chromatographic analyses were carried out with
a Barber-Coleman Model 20 Chromatograph equipped with a
hydrogen-flame detector and a 100 ft. silicone GE-96
capillary column.

The carrier gas used was argon.

Infrared spectra were obtained with either a Beckman
IR-5 Spectrophotometer or a Perkin-Elmer Model 21 Spectro
photometer and were interpreted with the aid of standard

61

references.

Melting points were obtained with a Thomas-Hoover
capillary melting point apparatus and are uncorrected.
Boiling points are also uncorrected.

A.

The Preparation and Purification of Esters
Esters which were not readily available were syn

thesized by procedures adapted from standard ester
preparations.

Commercially available esters were purified

before use.

(60)
The author wishes to thank Mr. George
Sexton and Mr. Ralph Seab for assistance in the instrumental
analyses and Mr. Seab for the elemental analyses. He also
wishes to thank Mr. Morris Dunlap for his advice and for
the construction of numerous pieces of glassware, and Mr.
Ed Keel for his assistance in this work.
(61)
L. J. Bellamy, The Infrared Spectra of
Complex M o l e c u l e s , 2nd ed., John Wiley and Sons, Inc.,
ifew York, N.Y., 1958;
(b)
R. M. Silverstein and G. C.
Bassler, Spectrometrlc Identification of Organic Com
pounds , John Wiley and Sons, Inc., N e w York, N.Y., 1963;
and (c)
The Sadtler Standard S p e c t r a .
3k
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1.

Phenyl Benzoate^
To phenol

(100 g., 1.06 moles)

dissolved in 750

ml. of 10$ sodium hydroxide solution was added 110 g.
(0.78 mole)

of benzoyl chloride.

from ethanol
68.5-69.5°.
2.

The ester was recrystallized

zo

yield II4.6 g. (9ii%
) of phenyl benzoate, m.p.
Lp
(Reported;
70°).

n~Propyl Benzoate^
After a 2L|.“hr. reflux period a mixture of 122 g.

(1.0 mole) of benzoic acid* 120 g.
alcohol* 50 ml.
yielded 1^2 g.

(86.1$) of jn-propyl benzoate, b.p. 226(R e p o r t e d : b . p .

225°, n^° 1 .500 ).

Cyclohexyl Benzoate
To 200 g.

(2.0 moles)

of pyridine was added 295 g.
chloride.

of cyclohexanol in 500 ml.
(2.1 moles)

of benzoyl

The yield of cyclohexyl benzoate, b.p. 150°

(9 mm.)*

1.5l80* was 350 g.

b.p. 119.5°
!|.0

of n-propyl

of dry benzene and 10 g. of sulfuric acid

229°, n 22 1 .^832 .
3.

(2.0 moles)

(85 .8$).

(Reported:^

(2 mm.), n2^ 1 .5200 ).

Isopropyl Propionate
After a 36 -hr. reflux period a mixture of 800 g.

(10.8 moles) of propionic acid* 1,115 g»

(l S •6 moles)

of isopropyl alcohol and 8 g. of sulfuric acid yielded

0£. c i t . * p. 7814..

(62)

Vogel*

(63 )

I b i d ., p. 782.

(6I4.)

I b i d .* p. 787 .

(65)
W. J. Svirbely* W. M. Eareckson III, K.
Matsuda, H. B. Pickard, I. S. Solet, and W. B. Tuemmler,
J. A m . C h e m . Soc., j[l, 508 (19lp9).
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300 g. (?)|fo)

of

I. 386I.

isopropyl propionate, b.p. 108.5-109.5°>
b.p. Ill ).

(Reported:^

An additional

D

800 g. of forerun containing 5$ alcohol was refluxed with
propionic anhydride to yield 500 g.
propionate.
5.

(1|0$)

isopropyl

The total yield of ester was 61$.

n-Propyl Formate

67

From the reaction of 920 g.
acid and 600 g.

(20 moles) of formic

(10 moles) of n-propyl alcohol was

obtained 520 g. (59$) of n-propyl formate, b.p. 79.5o
68
„
o
pq
80.5 , n£ 1.3593•
(Reported:
b.p. 81.3 ,
1.3771).

6.

Ethyl Formate
Analytical Reagent grade ethyl formate

(11.)

was

allowed to stand for 2 hr. over 50 g. of calcium oxide.
The ester was decanted into a clean flask and dried with
anhydrous calcium chloride.
of ethyl formate, b.p. 53~5Ub.p.

5k*3°,
7.

Distillation yielded 810 g.

o

>

22

I--3576.

(Reported:

69

n^° 1.3597).

Ethyl Acetate
Ethyl acetate

described in Vogel.

(900 g.) was purified by a procedure

70

The yield was 750 g. of ethyl

o

22

acetate, b.p. 7 5“76.5 ,

71
1.3710.

(Reported:

o
b.p. 77

(66 )

Vogel, o£. c i t ., p. 396.

(67)

I b i d . , p. 385 .

(68 )

Handbook of Chemistry and Physics, p. 1000.

(69)

Ibid., p. 998.

(70)

Vogel, 0£. c it ., p.

(71)

I b i d . , p. 396.

17k•
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8.

Methyl Benzoate
Reagent grade methyl benzoate

(500 g.) was washed

with saturated sodium bicarbonate solution and with water.
The ester was dried with anhydrous magnesium sulfate.
Distillation yielded J4.3O g. of methyl benzoate, b.p. 70°
(7 mm.).

(Reported:

72

with the one reported.

B.

o
b.p. 199.5 )•

The spectrum agreed

73

The Reaction of Lithium Nitride with Esters in Various
Solvents'
The lithium nitride used in these experiments was

generously supplied by Foote Mineral Company, Route 100,
Exton, Pennsylvania.

The material was the red amorphous

form and was not analyzed but was used as received.
All percent yields reported are based on the amount
of lithium nitride unless indicated otherwise.
1.

Phenyl Benzoate in Diglyme
In a 250 ml., 3~neck flask fitted with stirrer,

condenser,
35.95 g.

gas trap,

thermometer,

and gas inlet were placed

(0.l8l mole) phenyl benzoate,

2.10 g.

of lithium nitride and 60 ml. of dry diglyme
from sodium metal).
nitrogen,

(0.06 mole)

(distilled

After the system was swept out with

the gas trap was attached.

heated slowly with a low flame.

The mixture was

After a short induction

period the solution turned from red to bright yellow with

(72)
Handbook of Chemistry, 10th ed., N. A. Lange,
ed., McGraw-Hill Book Co., New York, N.Y., 1961, p. 600.
(73)

The Sadtler Standard Spectra, #1052.
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vigorous effervescence;
quickly.
brown.
3 hr.

100 ml. of gas was evolved, very

Within 30 sec. the mixture became clear and dark
The reaction mixture was refluxed an additional

The solvent was removed under reduced pressure

leaving a tarry residue which was partially dissolved in
ether.

The ether solution was filtered and dried with

anhydrous magnesium sulfate.

Removal of the ether yielded

a tar which on further treatment yielded no recognizable
products.
The solid residue from the filtration was treated
with w a t e r s hydrochloric acids
solution.

an^ then sodium bicarbonate

Bromine was added and a black tar was obtained.

The solution was filtered, but successive recrystalliza
tions from 95%° ethanol failed to give a substance wit h a
satisfactory melting point.

In spite of this it Is

believed that a phenolic substance was present because
of the strong odor of phenol and its behavior on treatment
with bromine.
The filtrate was treated with acid.

The solid which

formed was removed by filtration and recrystallized from
water.
122

o

White crystals

were obtained.

of benzoic acid.

71;

(6.6 g . s 90%) melting from 120-

The spectrum was identical to that
No other recognizable products were

obtained from this run.

A similar run on a smaller scale

got out of control and burst into flame.

This illustrates

the unpredictable nature of the reaction.

(71;)

The Sadtler Standard Spec tr a,, #779.
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2.

Phenyl Benzoate in Tetrahydrofuran
In a 250 ml., 3 -neck flask were placed 20 g.

(0.10 mole) of phenyl benzoate and 2.32 g.
of lithium nitride;

(0.067 mole)

100 ml. of dry tetrahydrofuran

(freshly distilled from lithium aluminum hydride) was
added.

The procedure used was essentially the same as

described above.
was carbonated.

After a l^-hr. reflux period the mixture
The tetrahydrofuran was removed by dis

tillation., and the material remaining in the reaction
vessel was recrystallized from 95% ethanol.
12 g.

(60$) of the starting material, m.p„ 69-70 , was

recovered.
3®

Approximately

No other products were isolated.

n-Propyl Benzoate in Toluene
To 100 ml. of dry toluene

(distilled from sodium

metal) in a 3~neck flask equipped with condenser, gas
trap, stirrer,
25 g.

thermometer,

(0.152 mole)

of n-propyl benzoate and 3.5 g.

mole) of lithium nitride.
with nitrogen,

and gas inlet was added
(0.1

After the system was flushed

a gas trap was attached.

stirred while being heated slowly.

The mixture was

The temperature was

raised to the boiling point of toluene with only a slow
evolution of gas.

It was refluxed an additional 2 hr.

Carbon dioxide and then hydrogen chloride were bubbled
through the reaction mixture,
refrigerator overnight.

and it was placed in a

The red precipitate which

separated was removed by filtration.

It was apparently

excess lithium nitride since it burst into flame when
treated with water.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

IxO

Water was added to the remaining reaction mixture
and the two layers were separated,,
distilled and yielded nothing.

The water layer was

The organic layer was dried

with anhydrous magnesium sulfate and the toluene removed
by distillation.

The liquid residue was washed with sodium

bicarbonate solution and dried.

Distillation at reduced
o

pressure yielded 18.0 g. of n_~propyl benzoate., b.p. 110-llip
(1 mm.).

This was a

1,Z% recovery

of the starting material.

The aqueous sodium bicarbonate layer was acidified and the
crystals obtained were recrystallized from water.
was 0.5 g. of benzoic acid, m.p. 120-122°,

The yield

No alcohol was

obtained.
I;.

n-Propyl Benzoate in Diglyme
rr-Propyl benzoate

nitride

(30 g . s O.I 83 mole)

and lithium

(I4..15 g»> 0.12 mole) was placed in a system

similar to the one used in the previous run;
dry diglyme was added.
heated to 110

o

.

30 ml. of

The mixture was stirred and slowly

At this point gas began to be evolved.

The temperature began to rise rapidly after 120° was
reached.

Within 15 sec., the color, of the lithium nitride

disappeared and the reaction mixture became solid.
large volume of gas was given off.

A

Benzene and water

were added and the two layers were separated.

The

organic

layer was dried with anhydrous magnesium sulfate and
distilled to remove the benzene.
in a freezer overnight.
removed by filtration.

The residue was placed

Crystals precipitated and were
The filtrate was distilled at

reduced pressure and yielded two principle fractions:
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o
one collected from 73-77
of diglyme,

(3 mm.)

composed principally

and one collected from 12l;-1260 (3 mm.).

The

latter had the same infrared spectrum as n-propyl
nC
22
benzoate.
The index of refraction was n
l.lj.95it-*
D
(Reported:
n^° 1.5000).
The recovery of starting
material was i^.l g.

(13 .6$).

The crystals remaining in the distillation flask were
combined with those obtained from chilling.
recrystallized from carbon tetrachloride

They were

(m.p. 125-126°).

The crystals gave a positive nitrogen test, but gave
negative tests with 2,l|-dinitrophenylhydrazine reagent,
Lucas reagent,

sodium metal, eerie nitrate reagent,

ferric chloride solution.

and

There was a vigorous evolution

of gas when the crystals were treated with nitrous acid.
They gave a positive amide test.

77

The infrared spectrum

and the melting point agreed favorably with benzamide.
79
o
(Reported:
m.p. 129 ). The yield was 1.25 g. (8.6$).
No other products were obtained from the organic layer.
The water layer was carefully acidified and heated to
boiling.

It was filtered and allowed to cool.

Benzoic

(75)

The Sadtler Standard Spectra, #20990.

(76)

Vogel, 0£. c i t ., p. 787 .

(77)
R« L. Shriner, R. C. Fuson, and D. Y.
Curtin, The Systematic Identification of Organic Com
pounds, Ij/th ed., John Wiley and Sons, I n c ., N e w York,
N.Y., 1956, p. 123.
(78 )

The Sadtler Standard Sp ectra, #2732.

(79)

Vogel, o£. c i t ., p. 800.
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0
acid, m.p. 121-122 , (16.5 £.»
obtained.
5.

^
73%
,

N
based on -ester) was

N o other products were recovered.

Cyclohexyl Benzoate in Decalin
In a 500 ml., 3-neck round bottom flask fitted

with condenser,

stirrer,

thermometer, gas inlet and a

gas trap system were placed 50 g.
hexyl benzoate, 7.9 g.

(0.2l;5 mole) of cyclo

(0.227 mole) of lithium nitride,

and 50 ml. of dry decalin

(distilled from sodium).
.o •
reaction mixture was slowly heated to 150 with no

The

apparent change and evolution of only a small amount of
gas.

At 150° the mixture turned green,

began to rise rapidly.

and the temperature

The heating mantle was removed

and a water bath was placed around the flask, but the
temperature continued to rise.
gas was given off,

Approximately I4.OO ml. of

o
and the temperature rose to 220 .

The

reaction product turned grayish-yellow and thickened as
solids formed.
After the mixture was cooled, 100 ml. of decalin and
I|lj-.2 g. ( O .83 mole) of ammonium chloride were added.

It

was stirred for 18 hr.; water and ether were added and the
two layers were separated.

The water layer was extracted

with ether several times and the extracts were combined
with the original ether layer to be dried with anhydrous
magnesium sulfate.

The ether was removed by distillation.

A small amount of material precipitated in the liquid
residue.

The crystals were collected by filtration and

dried in a vacuum oven.

Recrystallization from water

yielded 5*5 g. of white crystals, m.p.

128-130°.

The
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Infrared spectrum agreed witb that reported for benzamide.
The

reported

79

melting point is 129

o

.

The filtrate was distilled to yield 10.5 g* of clear
liquid (b.p. 160-162°, n 2^ 1.1;628).
trum,

80

^

boiling point, refractive index,

retention

and chromatographic

time proved that it was cyclohexanol.

percent yield was 14,6 .2$.
and

The infrared spec-

Phenylurethan

The
o

(m.p. 80-82 )

o<.-naphthylurethan (m.p. 126 - 128 °) derivatives were

prepared.

The physical constants of cyclohexanol and

81
reported melting points of these derivatives are:
O

og

b.p. 161.1 , n^

O

I.I4.6I47;

phenylurethan, m.p.

82 , and

ot-naphthylurethan, m.p. 129°.

0
A second fraction

(120 g., b.p. 192-191; ) was collected.

Its infrared spectrum was identical to that of a sample of
decalin.

A solid began forming at this point so the

distillation was discontinued.

The solid (1.0 g.) was

collected by filtration and dried.

After recrystallization
o
from water the melting point was 128-130 . The infrared
7G
spectrum agreed with one of benzamide.
The total
yield of benzamide was 6.5 g.

(23 .8$).

The filtrate was
.

distilled at reduced pressure.

(6 mm.)) was collected.

Decalin

The residue

viscous oil from which no products

(80)

(10 g., b.p.

0

JO'

(12.3 g») w &s a dark

could be Isolated.

The Standard Sadtler S p e ct ra , #i;l.

(81)
Tables for Identification of Organic Com
pounds , Supplement of Handbook of Chemistry and Ph ys ic s ,
1st ed., C.D. Hodgman, ed., Chemical Rubber Publishing
Co., Cleveland, Ohio, p. 36 .
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The water layer from the previous separation was
reduced In volume and acidified.

A white crystalline

substance precipitated, was removed by filtration,
then recrystallized from water.
(119-121°)

The melting point

and infrared spectrum agreed with that for

benzoic acid.”^

6.

and

The yield was k g.

(1k » k$ ).

Cyclohexyl Benzoate in Diglyme
The procedure in this experiment is similar to

that used for cyclohexyl benzoate In decalin.
hexyl benzoate

(25 g . } 0.123 mole), lithium nitride

(k .30 g., 0.123 mole),
utilized.

Cy clo

and 100 ml.

of dry diglyme were

A vigorous reaction began at 150°;

changed from rsd to yellow;

the color

and the mixture became solid.

To the solid were added 100 ml. of diglyme and 52.5 g*
(O .367 mole) of freshly distilled methyl iodide (b.p.
o
k2 ). The mixture was stirred for 2k hr. and then distilled
o
at reduced pressure.
Diglyme (110 ml., b.p. 77
(10 mm.))
was collected.

No products could be isolated from the

black tar-like residue
7.

(37 g.).

Ethyl Acetate in Diglyme
In a 500 ml., 3*nec^ round bottom flask equipped

with condenser,

stirrer and thermometer were placed

52.9 g* (0.6 mole) of ethyl acetate and 100 ml. of dry
diglyme.

In a dry box, 7 g*

(0.2 mole) of lithium nitride

was placed in a special addition funnel.
I.)

(See Illustration

The ester-diglyme mixture was heated to reflux while

the system was swept with nitrogen.

The addition funnel

was attached to the apparatus and the stepwise addition
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kS
of nitride occurred during a 2-hr. period.

Each addition

was followed immediately by vigorous reaction and the red
color characteristic of lithium nitride disappeared.
The
o
pot temperature gradually rose to 130 , The remaining
nitride was rinsed out of the addition funnel with 60
ml. of diglyme.

The reaction mixture was very thick and

pale yellow.
After the mixture was heated at 130° for 3*5 hr.,
32.1 g.

(0.6 mole) of ammonium chloride was added.

The

mixture turned red and finally black when warmed to 100°.
It was allowed to cool and was filtered.

The filtrate

was distilled at reduced pressure and yielded 120 g. of
diglyme.

A black tar remained from which no products

would be isolated or iuontified.

The crystals removed

by filtration were soluble in water and would not melt.
They gave a positive lithium flame test and a yellow
precipitate with silver nitrate solution.

The spectrum

contained no characteristic bands in the infrared region.
This behavior is characteristic of inorganic salts; the
crystals were probably lithium chloride.

8.

Ethyl Acetate in Pyridine
In a dry box, 7-0 g.

(0.2 mole)

of lithium nitride

was placed in a 500 ml., 3_neck round flask with a
thermometer well.

The flask was stoppered and removed

82
from the box.

Pyridine

(150 ml., 1.86 moles) was added,

(82)
The method of purification outlined by
Vogel, p. 175s was used for the pyridine in this and o
subsequent experiments.
The boiling point was 113-111; .
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1^6

and the flask was fitted with a condenser,
thermometer.

stirrer and

The system was flushed with nitrogen while

the pyridine-nitriae mixture was heated to 80°.
In a 250 ml. separatory funnel were placed 60 g.
(0.68 mole)

of ethyl acetate and lj.9.1 g«

mole) of pyridine.

(50 ml., 0.62

The funnel was attached to the apparatus

and addition was carried out during a 1-hr. period.

The

reaction was rapid and the heat evolved was sufficient to
keep the temperature at 80° with no external heating.

The

reaction mixture remained clear but became dark brown.
mixture was heated at 80° for 1 hr.;
glacial acetic acid was added.
panied by evolution of heat,

The

36 g. (0.6 mole) of

This addition was accom

and the mixture became black

and very viscous.
The liquid collected from distillation of the reaction
mixture at reduced pressure was shown to be a mixture of
ethanol*

ethyl acetate and solvent by gas chromatographic

analysis.
amounts.

The former two were present in only trace
The black residue was only partially soluble

in water.

No identifiable products could be isolated

from the insoluble portion.

A tan solid (27.5 g*) w &s

obtained when the water layer was evaporated to dryness.
This salt gave a strong lithium flame

test and the odor

of acetic acid when placed in acid solution.

The salt

was probably lithium acetate.
9.

n-Propyl Formate in Pyridine
The procedure used in this run is similar to

that for ethyl acetate in pyridine.

Lithium nitride
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(7*0 g . , 0.2 mole)

(lLj.7.3 g • * 150 ml., 1.86

and pyridine

moles) were placed in the flask.
(0.68 mole)

A solution of 60 g.

of n-propyl formate and i|9.1 go

(50 ml.,

0.62 mole) of pyridine were added to the pyridine-nitride
mixture during a 1-hr. period.

The red color of the

nitride never disappeared completely.

A much larger

amount of gas was evolved than in any previous run.
was not collected;

however,

It

the odor and litmus test

indicated the presence of ammonia.
After the reaction
o
mixture was heated at 80 for Lj. hr., 36 g. (0.6 mole)
of glacial acetic acid was added.

This addition was

accompanied by the evolution of heat and the mixture
became semi-solid.
vacuum (1 mm.),

The reaction flask was placed under

and all volatile materials were trapped

in a Dry Ice-isopropyl alcohol trap.
of liquid was collected.
in the reaction flask.

A total of 223.8 g.

A tan solid (66.0 g.) remained
A check of the material balance

showed that 33°6 g. of material had been lost.
stantial part of this material
of carbon monoxide)

A sub

(theoretically 19.0 g.

could have been lost as a gas.

An infrared spectrum indicated a mixture of alcohol and
pyridine.

(It was similar to the spectrum of a sample of

approximately

20% ri-propyl

alcohol and

80% pyridine.)

Gas

chromatographic analysis indicated two major components.
The first peak corresponded to n,-propyl alcohol and the
second to pyridine.
to yield 35 «U g°

The mixture was fractionally distilled

($7%*

based on ester) of _n-propyl alcohol

(b.p. 95 - 98 °) and 185 go (92% recovery)' of pyridine.
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k*
The tan solid remaining in the reaction flask was
extracted with benzene in a Soxhlet extraction apparatus.
The solvent was removed by distillationo

A dark oil remained
o

and yielded 2.5 g» of liquid., b,p, 72-75

(2 mm,).

The
Q^

infrared spectrum agreed with that reported for formamide.
(Reported!

81l

formamide was

o

b.p.

2&%o

92-95

(10 mm.)).

Lithium acetate

The percent yield of
(39°5 g.) remained in

the extraction cup.
10.

Methyl Benzoate in Xylene-Dlglyme
Essentially the same procedure used for the

previous two runs was used in the reaction of 8l .6 g.
(0.6 mole) of methyl benzoate and 200 ml. of dry xylene
(distilled from sodium) with 7«0 g.
nitride.

(0.2 mole) of lithium

The mixture was heated to reflux and the lithium

nitride was added during a 2~hr. period.

The red color

characteristic of lithium nitride did not disappear although
there was indication of some reaction.

The funnel was

rinsed with 50 ml. of xylene and refluxed for 2 hr. with no
apparent reaction.

Addition of diglyme in 10-ml. portions

(total of 50 ml.) during a 6 -hr. reflux period failed to
initiate any reaction.

The mixture was refluxed for an

additional 12 hr. with no apparent reaction.
was allowed to cool and was filtered.

The mixture

Red crystals

g.) containing some white powder were obtained.

(8.3

They burst

into flame when treated with water and had to be destroyed

(83 )

The Sadtler Standard Spe ct ra, #2232.

(81;)

Handbook of Chemistry and Physics^, p. 998.
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with alcohol.

The crystals were unreacted lithium nitride.

The filtrate was distilled at reduced pressure.
Methyl
c
benzoate (b.p. 70
(6 mm.), 67»3
82 .5/6) was collected.
C.

The Reaction of Lithium Nitride with Esters Using
Excess Ester as Solvent
1.

Cyclohexyl Benzoate
Cyclohexyl benzoate

nitride

(50 g . s 0.28.5 mole)

and lithium

(7.9 g . s 0.228 mole) were placed in a 500 ml.,

3 -neck flask equipped with condenser, stirrer, and
thermometer.

The mixture was stirred and the system swept

with nitrogen.

The flask was heated and the temperature
o
was raised gradually to 135
during a 30-min. period.
Very
little gas was evolved during this time and there was no
apparent reaction.
Ths temperature was raised slowly to
o
150 ; suddenly gas (I4.OO ml.) was evolved rapidly and a

violent reaction occurred.
frosty green,

The color turned from red to

and the temperature rose to 230°.

The

mixture became a yellow solid.
Ether and-water were carefully added after the reaction
vessel had cooled.
several times,

The water layer was extracted with ether

and the combined ether extracts were dried

with anhydrous magnesium sulfate.
distillation.
collected.

The ether was removed by

A fraction boiling from 160-160.5° was

The spectrum and ^as chromatographic analysis

indicated almost pure cyclohexanol.
(m.p. 81 - 82°) and

80

Phenylurethan

oC-naphthylurethan (m.p. 126 - 128 °)

derivatives were prepared.
with the reported values.

8l

These melting points agreed
The yield of cyclohexanol
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was 10.5 g»

(1|6.1%).

The residue was distilled at reduced

pressure and a fraction
(9 m m . ).

(0„5 ml.) was collected at 56-60

Gas chromatographic analysis indicated a 50-50

mixture of two compo nen ts »

The infrared spectrum indicated

the presence of a carbonyl compound.

A 2,I;-dinitropnenyl-

hydrazone was prepared and recrystallized from alcohol.
melting point was 125-12?

o

The

and the empirical formula,

based on elemental analysis,

85

was ^ 22^ 28^ 10^ 1 3 °

identity of this constituent of the mixture has not been
established.

The second component could not be isolated.

A second fraction distilled from the residue
(9 mm.))

and crystallized in the condenser.

/
^ 0
(b.p. 150

It had a

melting point of 125-126° and the infrared spectrum agreed
7Q
with that for benzamide.
The yield was 2.3 g. (8 .3$).
The water layer was acidified and the crystals which were
collected were recrystallized from water.
benzoic acid (m.p. 120-122°) was 9°3 g°
2.

The yield of

>

n-Propyl Formate
ao

Hun 1
All apparatus used in this experiment was care

fully dried at 110° for 2 hr.
2)|/)|0, Ip5/50 ground glass
condenser and thermometer.
190.5 go

The special flask (2ii/ip0,

joints) was fitted with stirrer,
A pipette was used to place

(2.16 moles) of n_“propyl formate in the flask.

The

system was swept with nitrogen while the ester was heated to

(85)
oratories, Knoxville,

This analysis was done by Galbraith L a b 
Tennessee.
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reflux with an oil bath.

In a dry box,

3-0 £•

(0.086 mole)

of lithium nitride was weighed into the special addition
funnel.

(See Illustration I on the following page.)

funnel was pla ced on the apparatus.

The

The nitrogen supply

was closed off and the gas trap system was connected.

This

trap system consisted of a Dry Ice-isopropyl alcohol trap,
a calcium chloride drying tube, a "back-up" trap and two
gas collection

tubes.

The addition of lithium nitride was begun.

Several

small portions of nitride were added and appeared to react
but no gas was evolved.

After approximately one-fourth of

the nitride had been added, gas began to evolve slowly.

A

small amount of nitride was added and the gas began to evolve
at a moderate rate.
total of 0.75 g*
added.

The addition funnel was removed.

A

(0.022 mole) of lithium nitride had been

Gas continued to evolve for seven hours.

The

reaction mixture became thick with a white crystalline
precipitate but near the end of the reaction this substance
dissolved to give a clear yellow solution.
perature gradually rose from 80 to 95°«
of gas was obtained at 30 ° and 762.3 mm.
corrected to standard conditions).

128 g. of liquid remained;

The pot tem 

A total of 5l»if 1«
(Iplp.5 1 .,

In the reaction flask

5»3 g* (0.06 mole) of _n-propyl

formate was collected in the trap.
An infrared spectrum of the gas was identical to that
D/
reported
for carbon monoxide.
Mass spectrographic

(86 )

The Standard Sadtler S p e c t r a . #lll;2.
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Illustration I.

Addition Funnel and Condenser

The addition funnel was built from a 125 ml. Erlenmeyer flask in the following manner.
The neck of the flask
was fitted with a 2I4./I4.O ground glass joint with a 2 cm.
extension of 8 mm. (I.D.) heavy wall glass tubing.
A neck,
3 cm. in diameter, was placed on the bottom of the flask.
The plunger assembly consisted of a 30 cm. length of 6 mm.
glass rod connected to a teflon plug tapered to fit the
2I4./I4.O joint in the neck of the flask. An air-tight sleeve
for the plunger was made by inserting a 6 cm. piece of 7
mm. (I.D.) glass tubing into a #7 rubber stopper and
fitting a 3 cm. piece of 5 mm. (I.D.) rubber tubing on top
of the glass tube.
When the plunger system was assembled
as shown above, the rate of addition of nitride could be
controlled easily.
The water jacket of the condenser was
8 cm. in length and was constructed with a kS/SO ground
glass joint as the outer wall and a piece of 25 mm. (I.D.)
tubing as the inner wall.
The top of the condenser was
fitted with a 2i|/I|.0 joint. A special 3 -neck flask (2I4./I1O,
2i;/i|0 , 1+5/50 ) was constructed for use with the funnel and
condenser.
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analysis indicated that the sample was essentially carbon
monoxide.
Found:

(Principal mass numbers.

12, 16, 18, 28.)

on volume

Expected:

12, 16, 28.

The yield of carbon monoxide based

(corrected for the n-propyl formate recovered from

the trap) was 98.5$*

The yield based on the weight of gas,

58 g., (calculated by taking the difference in the weight of
the reactants and the liquid products) was 99^.
The reaction flask was placed under vacuum (0.6 mm.)
and 12l|.l g. of volatile material was trapped in a Dry Iceisopropyl alcohol trap.

Gas chromatographic analysis

indicated a single component with the same retention time
as n-propyl alcohol.

The infrared spectrum agreed with that

reported for n_-propyl alcohol.

87

was obtained and the phenylurethan
eL-naphthylurethan

o

; and

(m.p.

Sb~S^°)

and

(m.p. 76 - 79°) derivatives were prepared.

(Reported for n-propanol:
m.p. 57

,
o
A boiling point, 96-97 ,

88

b.p. 97.1

o

i

oC-naphthylurethan, m.p. 80

based on ester utilized

89

phenylurethan,
0

).

The yield

Q. .
was 98 .6%.

A tan solid (2.9 g.) remained in the reaction flask
after the liquid had been removed.
and 3.9 g.

Tetrahydrofuran

(50 ml.)

(0.065 mole) of glacial acetic acid were added.

"*
Distillation yielded 1.5 g. of n_-propyl alcohol, b.p.

(87)

95-97

Ib i d ., #61;.

(88 ) Tables for the Identification of Organic
Compounds, p. 28.
(89)
All the percent yields of alcohol in the
formate ester experiments are based on the ester utilized.
Lithium nitride acts only to generate lithium propoxide
which catalyzes the observed reactions.
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•

5b
No nitrogen-containing compounds could be isolated from
this run.
b.

Run 2
In this run, 180 g.

(2.Oil'moles) of n.-propyl

formate was placed in the reaction flask and 3»0 g*
mole) of lithium nitride was added.

The addition of nitride

was accomplished during a 1 -hr. period;
mixture was refluxed for 1; hr.
evolved was collected.

(0.086

the reaction

A small sample of the gas

An infrared spectrum and mass

spectrographic analysis indicated that it was carbon
monoxide.

The total yield of carbon monoxide was ip9.5 g*

After the unreacted ester was accounted for,

the percent

yield was 97$«
When the reaction flask was placed under vacuum,

113.6 g. of liquid was collected and 20 g. of tan solid
90
remained in the flask.

Gas chromatographic analysis

of the liquid indicated that it was 79$ n_-propyl alcohol,
16$ n.-propyl formate and 5$ unidentified material.

These

percentages correspond to 89.7 g«- of n-propyl alcohol
(81 .5$, corrected for recovered ester)

and 18.1 g. of

n- propyl formate recovered.
From the 20 g. of material remaining in the flask,

(90)
In this and subsequent analyses it was assumed
that the area-volume response for these oxygen-containing
compounds was approximately the same.
It was also assumed
that the volume-weight ratios were approximately the same.
Using this, gas chromatographic percentages could be
converted directly to weights.
These assumptions were made
for simplicity and are acceptable since the work done was
not quantitative.
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10*3 g«

(9*3%) of

formamide, b.p.

n-propyl alcohol and 2.8 g.

9i|-97° (10 mm.) was obtained.

(72$) of
(Reported:®^-

92-95° (10 mm.).
c.

Reaction of Lithium Propoxide ana n_-Propyl Formate
In a 100 ml., 3-neck round bottom flask was

placed 22.5 g* °f n_-propyl formate.

The flask was fitted

with condenser and stirrer, and-the ester was heated to
reflux.

Lithium propoxide was prepared by dissolving 0.6 g.

of lithium metal in LpO.3 g.
i|.8 g. of this solution

(50 ml.) of n-propyl alcohol;

(which is equivalent to 0.6 g.

(0.009 mole) of lithium propoxide and 1+.2 g. of n-propyl
alcohol) was added to the ester.

(This was the minimum

amount of lithium propoxide required to initiate the
reaction.)

During a 2.5-dr. period 5*86 1. of gas was

collected at 27 ° and 785.8 mm.
standard conditions).
one of carbon monoxide.

(5.23 l.» corrected to

The infrared spectrum agreed with

86

^

The percent yield was 92%.

The

yellow liquid (18.8 g.) which remained in the reaction flask
was shown to be n_-propyl alcohol

(95*b%) and. a trace of ester

by gas chromatographic analysis.
3.

Etnyl Formate
a.

Run 1
The apparatus and procedure used in this and

subsequent experiments is similar to that used for jn-propyl
formate.

Ethyl formate

(llj.8.2 g., 2.0 moles) was placed in

the reaction flask and lithium nitride
was added to the refluxing ester.

(3.0 g., 0.086 mole)

The reaction mixture was

refluxed until the evolution of gas ceased.

The pot
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temperature gradually rose from 53 t0 78°.

A total volume

of kl}..2 1 . of gas was collected at 30 ° and 756.1 mm.
(37.8 1., corrected to standard conditions).
(91;.1 g.) remained in the flask and 8.0 g.
of ethyl formate was collected in the trap.

A liquid

(0.11 mole)
The infrared

spectrum of the gas agreed with one of carbon monoxide.

86

The yield of gas based on volume was 89% and on weight was
93/o.

Both values have been corrected for ester recovered.
The reaction flask was placed under vacuum and 80.7 g.

{93%) of

ethyl alcohol, b.p. 78-80 , was collected;

of solid remained in the flask.
(0.25 mole)

3.1 g.

Distillation yielded

(7 mm.),

(2.0 moles) of ethyl formate

(0.2 mole) of lithium nitride were used.

The

gas was not trapped, but the reaction mixture was refluxed
until gas was no longer evolved.

Ethyl formate

(6.3 g.>

0.085 mole) was collected in the trap and 102.8 g. of
liquid remained in the reaction flask.
of carbon monoxide

The percent yield

(based on weight difference between the

reactants and products) was 86%.
was placed under vacuum, 72.7 g.
collected.

g.

Run 2
In this run ll;8,2 g.

and 7.0 g.

l$ . l

ethyl alcohol, b.p. 78 -80°, and 2.57 g.

(66.5$) of formamide, b.p. 87-89°
b.

Tetrahydrcfuran and

of acetic acid were added.

{3*5%)

10.8 g.

The solid residue

When the reaction flask

(82.3%)

of ethanol was

(25.2 g.) was treated with

36 .O g. (0.6 mole) of acetic acid in tetrahydrofuran and
yielded 9.8 g.

(11%)

of ethanol and 1;.9 g.

(5k»S%)

of

formamide, b.p. 91;.7° (10 mm.).
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Lj..

Ethyl Acetate
Lithium nitride

(6.0 g., 0.17 mole) was added to

177.1 g. (2.01 moles) of ethyl acetate under reflux;
(0.50 mole)
funnel.

i+iu.3 g.

of ethyl acetate was used to rinse the addition

A small volume of gas

(LOO ml.) was evolved;

it

showed no characteristic bands in the infrared r e g i o n =

It

was probably nitrogen displaced by the refluxing ester.
After the reaction was complete,
acetic acid was added.

}1.0

g.

(0.518 mole) of

No ammonia or ester was detected

in the Dry Ice-isopropyl alcohol trap.
The reaction flask was placed under vacuum and
210.8 g. of liquid was collected in the trap.
solid (I(.Il.8 g.) remained in the flask.

A white

Gas chromatographic

analysis indicated that the liquid in the trap contained
alcohol and ester plus a higher boiling component.
Distillation yielded 202.1 g. of liquid, b.p. 75-80°;

gas

chromatographic analysis indicated that it was 3 .1$
(8.5 g . s 109$)
87$ recovery)

of ethyl alcohol and 95.8$ (193*6 g •>
of ethyl acetate.

The spectrum of this

liquid agreed with one of a reference sample composed of

10$ ethanol and 90$ ethyl acetate.
The residue was distilled at reduced pressure and
yielded 8.2 g.

(0.025 mole)

n^1 *^ 1.6-182.

(Reported :^1

of ethyl acetoacetate, b.p.
b.p. 180°,

1.1|209).

The infrared spectrum agreed with that reported.

92

(91)

Handbook of Chemistry and Physics, p. 776-*

(92)

The'Sadtler Standard S p e c t r a , #101.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

72 °,

58

The white solid was rinsed from the reaction flask
with 600 ml. of hot acetone.

33.8 g. of lithium acetate remained on the

while hot;
filter.

The mixture was filtered

The filtrate was distilled to remove the acetone.

The dark residue was distilled at reduced pressure to yield
o
o
5.8 g. (57$) of pale yellow solid, m.p. 75-80 , b.p. 110

(8 mm.).

Recrystallization from an alcohol-ether mixture

o o
gave white crystals of acetamide, m.p. 79-82 .
. o
81 ).

.(Reported:

93

The infrared spectrum agreed with that reported for

9ii
acetamide.
H, 8.53;

Ana ly si s.
N , 23-72.

Calculated for C H NO:
C, L|.0.66;
2 5
Found:
C, 1+0.76;
H, 8.77;
N, 23 .63 .

The following products and percentages were obtained
in an identical run:

ethyl alcohol,

ethyl acetate recovered, 186.6 g.

11.1 g. (llj.0$);

(81$>) ;

95

ethyl acetoacetate,

8.3 g.; and acetamide, 7.1 g. (-70$).
5.

Isopropyl Propionate
Lithium nitride

(6.0 g., 0.172 mole) was added to

refluxing isopropyl propionate

(193*1

&•»

addition funnel was rinsed with 6I4..3 g.
The small amount of gas

(1+00 ml.)

1.66 moles).

The

(0.58 mole) of ester.

evolved during the

reaction showed no characteristic bands in the infrared
region.

However,

(93)

in the Dry Ice-isopropyl alcohol trap,

Handbook of Chemistry and Phy sic s. p. 761+.

(91+) The Sadtler Standard S p e c t r a , #2217.
(95) The percent yield obtained is calculated on
the basis of a 1:1 reaction of lithium nitride with the
ester.
The excess alcohol arises from the ester condensation
re ac ti on .
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96

0.17 g«

(0.010 mole) of ammonia was collected.

the reaction was complete,

g.

(0.518 mole)

After
of acetic

acid was added.
The reaction flask was placed under vacuum and 239.1; g.
of liquid was collected in the trap;

2^7.5 g» of solid

remained in the flask.

Fractional distillation of the

liquid yielded lip -93 g.

(144 «7$* based on nitride)

isopropyl alcohol,

209.4 g.

{&1% recovery)

propionate and 9.86 g. of isopropyl
b.p. 72-74°

(8 mm.),

for C ^ H ^ O ^ :
H, 9.40.^^

1.4302.

C, 62.70;

H, 9.36.

95

of

of isopropyl

o^-propionylpropionate,
Ana l ys is .
Found:

Calculated

C, 61.52;

A literature search indicated that isopropyl

oC-propionylpropionate has not previously been reported.
An infrared spectrum was made and had the following major
peaks:

3»35 (s), 5.8

11.35 (m) ju.

(s), 6.8 (m), 8-9 (s), 10.3

(m), and

This spectrum was similar to one of isopropyl

propionate but it had much stronger carbonyl absorption at
5.8

microns and differed substantially in the region from

9-12 microns.
The solid remaining in the reaction flask was washed
with hot acetone and filtered.

Lithium acetate

(34*5 g«)

(96)
This was determined by bubbling the ammonia
through 50.00 ml. of 1.238 N hydrochloric acid and backtitrating the excess acid to the phenolphthalein end point;
41.89 ml. of 1.238 N sodium hydroxide was required.
(97)
This analysis was done on a fraction, b.p.
66
(4 mm.), which was shown to be pure by gas chromato
graphic analysis.
The low carbon value is characteristic
of the liquid samples submitted during this investigation.
This error is caused by the volatility of the materials.
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was collected on the filter and the filtrate was distilled
o
to yield 11.37 g* of liquid, b.p. 160
(12 mm.), uhich
solidified immediately.

After recrystallization,

9.3 g*

o
98
(79$) of propionamide, m.p. 77“79 , was obtained. (Reported:
o
ro.p. 79 ) o The infrared spectrum agreed with one of an
authentic sample of propionamide.
for C H NO:
C, 1;9.29;
3 7
H, 9.82;
N, 19.11;.

H, 9.66;

Ana ly si s,
N, 19.16.

In a similar run using 21k.0 g.
isopropyl propionate and 6.0 g.
nitride,

Calculated
Pound:

(1.81; moles)

C, Ll9.23;

of

(0.172 mole) of lithium

the following yields were obtained;

ammonia
95

(0,187 g., 0.011 mole), isopropyl alcohol (11;.9 g., 136.7$),
recovered isopropyl propionate
o^-propionylpropionate

(7.1 g.)

(165.8 g., 77.5$),
and propionamide

isopropyl
(8.7 g.,

69$).

(98 )

Handbook of Chemistry and Physics, p
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C O N C LU SIO N

The extreme basic and nucleophilic characteristics
of lithium nitride make it unsuitable

as a selective

reagent for the cleavage of esters.

Although the reaction

proceeds principally along one path,

a series of competing

reactions which produce a complicated mixture of products
occurs.

Therefore lithium nitride is undesirable not

only from an economic viewpoint but also from a chemical
viewpoint as a reagent for the cleavage of esters.
The primary reaction involves the attack of a strong
nucleophile on the carbonyl carbon of the ester.

The

intermediate which is formed undergoes acyl-oxygen cleavage
to give N-N-dilithioamides

and lithium alkoxiaas.

In some

cases small amounts of N-lithiodiamides are formed.

This

is the standard mechanism for base-induced cleavage of
esters.

Neutralization of the reaction mixture yields

substantial amounts of the amide and alcohol.
The presence of the initial reaction products which
are strong bases themselves and also excess lithium nitride
promote secondary reactions forming a wide variety of
compounds.
difficulty.

These mixtures are separated only with great
Reactions in inert polar solvents are

particularly complex.

In such solvents extreme conditions

are usually required to effect a reaction,

and under these

conditions the rate of secondary reactions is greatly
enhanced.

Large amounts of tar are formed.

61
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Reactions of lithium nitride which utilize an excess
of ester are generally better behaved-

This is particularly

true if the nitride is added in a stepwise fashionyields can be obtained,

High

and the amount of tarring is reduced.

However no suitable procedure has been found for solid
reactants and high boiling liquids.
All attempts to prepare tertiary amides by the
reaction of lithium nitride with organic esters failed,
The reaction results primarily in monoamides and, in limited
cases,

in small amounts of the d i a m i d e .

No tertiary amides

could be found even though extreme conditions in polar
solvents were utilized.
Although there are a number of limitations,

lithium

nitride could prove to be a useful reagent in organic
chemistry.

Better control of the reaction could be exerted

if a convenient method for the addition of finely divided
nitride to the reaction mixture could be developed.

The

insolubility of lithium nitride in all organic solvents
investigated is the greatest problem.

If a solvent could

be found which would dissolve the nitride or disrupt the
crystal lattice enough to permit the nitride ion to react
under moderate conditions,

the utilization of lithium

nitride as a catalyst or a reactant in organic chemistry
would be facilitated.
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